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hand. For each usage unit 1t sets a respective setpoint value
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METHOD FOR OPERATING A PLURALITY
OF USAGE UNITS FOR A WEAR
COMPENSATION IN AN ENERGY SUPPLY
DEVICE, AND ENERGY SUPPLY DEVICE

FIELD

The invention relates to a method for operating a plurality
of usage units 1n an energy supply device. The energy supply
device may, for instance, be an electric stationary storage
device, for instance based on battery modules or on a vehicle
battery for an electric vehicle, such that the usage units are
the battery modules of the battery. For an exchange of
energy between the energy supply device and at least one
device attached to 1t, a control device sets a setpoint value
for each usage unit for at least one operating parameter, for
instance for the electric current. The exchange of energy
may provide the energy intake or the energy output. Part of
the 1nvention 1s also an energy supply device, capable of
executing the method according to the ivention.

BACKGROUND

An energy supply device with electric capacitors by way
of usage units 1s known, for instance from U.S. Pat. No.
6,522,031 B2. The capacitors are connected via power bars
with a connector for connecting a device or an electric
network.

An energy supply device with a plurality of usage units 1s
also known from U.S. Pat. No. 5,610,802 A. The usage units
are arranged there on a rack, and can be removed from the
rack individually, independently of one another.

From U.S. Pat. No. 6,424,119 Bl, an energy supply
device 1s known, 1 which multiple battery modules are
coupled together via a DC bus. A rectified charging voltage
can be fed into the DC bus by means of a rectifier in order
to charge the batteries. The DC voltage can be converted 1nto
a system voltage by means of an mverter for the operation
of power supply units.

From DE 10 2014 200 329 Al, an energy supply device
1s known, 1n which usage units are arranged in parallel
strings, wherein each string comprises some of the usage
units. Each string can be connected to a power bar arrange-
ment via a switch unit. Within each string, so-called load
balancing for the serially connected usage units 1 1t 1s
required. This means, however, that the usage unit with the
greatest wear delimits the electric voltage that can be set for
cach of the usage units. If one usage unit wears faster than
another usage unit, this therefore has an impact on the
overall capacity of the energy supply device as well. In other
words, the weakest usage unit negatively aflects the total
service or usage life of the energy supply device.

SUMMARY

The task underlying the invention 1s to provide a measure
for the extension of the total usage or service life of the
energy supply device with a plurality of usage unaits.

The task 1s accomplished by the subjects of the indepen-
dent Patent Claims. Advantageous further developments of
the invention are provided by the dependent patent claims,
by the description below, and by the figures.

The invention provides a method for operating an energy
supply device with a plurality of usage units. Each usage
unit 1s generally designed to generate, store, or dynamically
redistribute electric energy (for instance: a capacitor). Fur-
thermore, a control device 1s provided and designed to
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control the exchange of energy between the energy supply
device on the one hand, and at least one device connected or
linked to the energy supply device on the other hand.
Connected to the energy supply device might be, for
instance, an electrically operable vehicle, for the purpose of
charging 1ts traction battery. The exchange of energy
requires the flow of an electric current 1n order to transmit
clectric power. This can be regulated by the control mecha-
nism. For these purposes, the said control device defines or
sets for each usage unit a respective setpoint value of at least
one electric operating parameter. The setpoint value may, for
instance, define the current strength of the current of the
usage unit that can be adjusted by means of a current control.

During such an exchange of energy, a usage unit may
wear or age. For instance, 1n a usage unit in the form of a
battery module, the internal resistance may deteriorate, in
other words 1increase irreversibly. In order to avoid such
wear ol a single usage unit from progressing to a degree that
would cause the usage unit to fail and consequently the
overall operation of the energy supply device to be dis-
rupted, the invention provides as follows: The control device
performs the following steps prior to and/or during the said
exchange of energy, one time or repeatedly.

The control device determines a wear value for each
respective usage unit. The wear value indicates the degrees
of wear and tear or the condition of the respective usage unit.
Depending on the technology (for instance: battery module
or capacitor), such a wear value may represent a difierent
technical variable of the usage unit. Which technical vari-
able 1s most suitable for describing the wear and tear can be
determined by simple trials.

For every usage unit, the respective setpoint value 1s then
determined for the at least one operating parameter (for
instance for the operating current) based on the wear value,
such that the setpoint value complies with a predefined wear
leveling criterion. The purpose of the wear leveling criterion
1s to level the wear conditions of the usage units. For these
purposes, the wear leveling criterion provides that the set-
point values are to be selected such that a difference in the
wear of the usage units, as calculated from all the wear
values, can at least be kept 1dentical, and possibly even be
reduced. This means that the setpoint values for the usage
units are set such that a difference 1n the wear of the various
usage units at least does not increase, that 1s, stays the same
or even decreases. The operations of the usage units for the
exchange of energy therefore effectuates wear leveling. The
wear leveling criterion obviously also provides that by
setting the setpoint values, the overall exchange of energy 1s
executed 1n 1ts entirety. In other words 1s ensures that as
much energy 1s made available or absorbed as i1s necessary
for the exchange of energy, for instance for a process of
charging an electric vehicle.

By setting the setpoint values, one, some, or all usage
units may be deployed or utilized for the exchange of energy,
by having their respective setpoint values set accordingly.
For every other usage unit, the setpoint value may amount
to 0. Therefore, 11 the energy supply device includes a highly
worn usage unit and a less highly worn usage unit, the
setpoint values for these two usage units are set in such a
manner that the less worn usage unit 1s utilized to a greater
degree during the exchange of energy than the usage unit
that 1s already worn. Thus, the latter 1s protected, whereas
the former undergoes greater wear during this exchange of
energy. In this way, the overall wear and tear of these two
usage units 1s leveled.

The mnvention therefore leads to the advantage that the
wear values of the usage units are leveled, or when they are
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already 1dentical, can be kept identical. Thus, a 1s situation
prevented 1n which a certain usage unit 1n the energy supply
device 1s worn down to the point of 1ts total failure, while at
the same time there remains another usage unit available that
1s still fully functional and could be utilized for multiple
hours of operation. The total failure of the one usage umt
might then imply the failure of the entire energy supply
device. The described method, on the other hand, leads to a
uniform wear of all usage units due to a homogeneous use
of the field or the arrangement of the usage units. The result
1s a wear leveling during the operation of the usage units.
This can be considered equivalent to the wear leveling 1n
FLLASH storage technology (see internet link https://en.wiki-
pedia.org/wiki/Wear_leveling).

The control device envisioned for executing the method
may be provided, for instance, based on at least one micro-
processor and/or at least one micro-controller. The steps of
the method according to the invention may, for instance, be
realized as a program code, designed to have the steps of the
method according to the imvention be executed by the
control device. The program code may be stored 1n a data
storage of the storage device.

Part of the invention are also further developments whose
features result 1n additional advantages.

The wear leveling criterion may be embodied as follows:
The usage umits utilized are those that have wear value
indicating the least degree of wear and tear. In other words,
the usage units featuring the least wear and tear are used.
The number of usage units that are utilized 1s such that they
are capable of performing the exchange of energy. It is
therefore possible to begin with the usage unit with the least
wear and tear, alter which a next usage unit 1s selected that
has the least wear and tear of the remaining usage units. In
this manner, as many usage units are selected as needed for
making possible the overall exchange of energy.

In general, a usage unit 1s an electric source or a sink for
the restructuring or redistribution of energy. A further devel-
opment provides that the usage units respectively comprise
at least one battery cell (accumulator cell), 1n particular a
battery cell module or a group of multiple battery cell
modules (which might, for instance, be connected 1n paral-
lel), and/or at least one fuel cell and/or at least one solar
panel and/or at least one capacitor generator and/or at least
one generator It may also be provided for a usage unit to
have multiple battery cells or multiple fuel cells, that 1s, a
stack of fuel cells, or multiple solar cells or multiple
capacitors. A usage umit may therefore also be a battery
module with multiple battery cells, for instance. A usage unit
may also provide a circuit of multiple interconnected battery
modules, for instance a string of multiple serially connected
battery modules or a string of a serial arrangement of parallel
arrangements, wherein every parallel arrangement com-
prises multiple battery modules 1n turn.

In other words, at least some of the usage units are
adapted for mterim storage of electric energy, that 1s, for
instance, by way of battery modules and/or capacitors. In
that case, the at least one operating parameter of such usage
units comprises at least one the following: a state of charge
(SoC), a depth of discharge (DoD), a charge current strength,
a discharge current strength, a charging voltage. The state of
charge and/or the depth of discharge can be selected as a
function of the technology provided in the usage unit, for
instance the electrochemistry used. By adjusting the depth of
discharge, the so-called swing (stroke during the discharge
process) 1s limited, which has an effect on the service life of
a usage unit. A respective setpoint value may therefore
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determine how strong a usage unit undergoes wear and tear
during a given exchange of energy.

The wear value may be calculated as a function of an
impedance and/or of an mternal resistance. For instance, the
wear value may be identical to the impedance or to the
internal resistance.

If the usage units are energy storage systems for builering
clectric energy, such as battery modules, 1t 1s possible that at
a given moment, only some of the usage units are charged.
It the charged usage units are highly worn-out usage units,
these should not be reused at the next exchange of energy;
rather, less worn-out usage units should be used instead. A
turther development provides for this case that prior to an
exchange of energy, restructuring energy of at least one
usage unit 1s transierred to at least one other usage unit. In
other words, energy storage 1s restructured within the energy
supply device. The at least one usage unit that 1s discharged
and the at least one other usage unit that 1s charged are
selected such that the respective wear value of the usage unit
that 1s discharged indicates greater wear and tear than the
respective wear value of the at least one other usage unit that
1s charged. Since restructuring can be done 1 a more
protective manner than the actual exchange of energy, for
instance because more time 1s available for 1t, the at least one
usage unit that 1s discharged can be discharged 1in a more
protective manner than would later be the case for the at
least one other usage unit during the actual exchange of
energy with the at least one attached device. In addition or
in the alternative, restructuring allows for the adherence to
a depth of discharge predetermined by a setpoint value.

Up to this point, measures have been described for
concentrating wear during a specific exchange of energy on
such usage units whose wear and tear so far 1s the lowest.
However, the invention also provides for additional protec-
tive measures for protecting the usage units overall, inde-
pendently of their degree of wear, 1n other words: to prevent
wear and tear more generally.

A further development provides that when setting the
respective setpoint value for the usage units, the wear
leveling criterion also take 1nto account a protective condi-
tion for every usage unit, in other words, a predefined
condition. The protective condition may be that each usage
umt be operated with an individual operating profile, pro-
vided for a respective technology. In other words, even in the
cvent that the usage umit 1s deployed or utilized for the
exchange of energy, 1t 1s operated based on 1ts technology
according to a predefined individual operating profile.
Depending on the technology, the individual operating pro-
file may determine or specily the energy and/or power level
and/or the current and/or the voltage over time. An indi-
vidual operating profile may thus dictate, for instance, the
movement of the current over time. In addition or in the
alternative, the protective condition may specily that a
difference from a predefined ideal charge condition 1s main-
tained that 1s less than a predefined maximum difference. In
other words, the said swing, that 1s, the difference between
the maximum state of charge and the minimum state of
charge 1s kept smaller than a predefined maximum difler-
ence. For instance, the charging and discharging of the usage
unit may vary within a range from +X % to =Y % around the
ideal charge condition, wherein X, Y may be 1n the range of
10% to 30%. The i1deal charge condition may be, for
istance, 50% of the storage capacity.

In a further development, another protective measure 1s
that the energy supply device comprise more usage units
than needed for the exchange of energy. A total of the
individual capacities of the usage units 1s therefore greater
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than a nominal capacity of the energy supply device. The
nominal capacity may, for instance, pertain to at least one of
the following parameters: storage capacity, maximum per-
formance. A usage unit or a subset of the usage units can
then [be] determined or selected based on excess capacity by
application of a capacity criterion. The selected usage unit or
subset of usage unmits will then remain unutilized during the
exchange of energy. In other words: they will not participate
in the exchange of energy. The capacity criterion may, for
instance, pertain to the so-called load balancing for battery
modules or capacitors, by which all serially connected usage
units are set to a common single voltage value. The single
voltage value must be the lowest single voltage of the
individual senially connected usage units. The weakest usage
unit thus delimits the maximum possible single voltage of
every other usage unit. If this usage unit with the lowest
single voltage 1s subsequently removed such that 1t remains
unutilized, each remaining usage unit can be set to a higher
single voltage. An additional advantage resulting from the
provision of the said excess capacity, leading to a greater
oross capacity of the energy supply device than the (exter-
nally) specified nominal capacity, 1s the following: a certain
clectric capacity must be made available for the exchange of
energy. Since the gross capacity of the energy supply device
1s now greater than the nominal capacity, the overall nominal
capacity that the energy supply device can provide 1s smaller
than the total of the nominal capacities of the individual
usage units. When more usage units are operated than
mimmally required for the exchange of energy, none of the
usage units has to be operated at 1ts individual nominal
capacity; they can be operated at less than their individual
nominal capacity, while the total nominal capacity at the
output terminals of the energy supply device 1s maintained.
In other words, the total of the individual nominal capacities
of the usage units 1s greater than the nominal capacity of the
energy supply device.

In order to be able to operate usage units with of diflerent
setpoint values, 1t must be possible to connect or link them
independently of one another with an external device. A
turther development provides that some of the respective
usage units are combined to form branch circuits, here
respectively referred to as strings. The usage units of such a
string are senially connected. The serial arrangement of the
string 1s connected in turn at an end of the string with a
DC/DC converter. At least [one] end of the string (prefer-
ably: both ends) 1s respectively connected with a power bar
arrangement via at least one galvanically 1solatable switch
unit, via which power bar arrangement the exchange of
energy with the at least one attached external device is
conducted. Thus, the serial arrangement of a string with the
power bar arrangement can then be optionally connected by
means of the at least one switch unit, and the current strength
of an electric current flowing from the string into the power
bar arrangement can then be controlled or regulated by
means of the DC/DC converter. In order to be able to make
a targeted selection of usage units for the exchange of energy
within the senial arrangement of each string as well, and to
keep other usage umits unutilized, a bypass circuit 1s pro-
vided for every usage umt within each string. In order to
adjust the respective setpoint value of the at least one
operating value of the selected usage units by means of the
DC/DC converter the control device will then control the
current of the string. Furthermore, the at least one switch
unit of each string 1s controlled by the control device as well
in order to connect the string to the power bar arrangement
or to disconnect it from 1t to begin with. The bypass circuits
of each string are controlled by the control device as well.
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Overall, the control device 1s thus able to select the usage
units individually, to bypass the other usage units electri-

cally, and to set or adjust the current of the usage units by
means of the DC/DC converter. Preferably, the DC/DC
converter 1s a buck converter.

BRIEF DESCRIPTION OF TH.

(L.

DRAWING

Part of the invention 1s also an energy supply device that
can be operated according to the method. This means that 1t
features multiple usage units, each of which designed to
generate or buller electric energy. A control device of the
energy supply device 1s designed to execute an embodiment
of the method according to the invention. In the said manner,
the control device may feature at least one micro-controller
and/or at least one microprocessor for these purposes.

In the following, an exemplary embodiment of the mnven-
tion will be described. For these purposes:

FIG. 1 shows a schematic representation of an embodi-
ment of the energy supply device according to the invention;

FIG. 2 shows a schematic representation of a usage unit
of the energy supply device of FIG. 1, having a bypass
circuit.

The exemplary embodiments described below are pre-
ferred embodiments of the invention. In the exemplary
embodiments, the described components of the embodi-
ments respectively are individual features of the mvention
that should be considered independently of one another,
respectively being further developments of the mvention
even independently of each other, and which must therefore
be deemed part of the mvention also individually or 1n a
different combination as the one shown. Furthermore, the
described embodiments can also be complemented by other
teatures of the mvention than among those described above.

DETAILED DESCRIPTION

In the figures, functionally analogous elements are respec-
tively marked by the same reference numbers.

FIG. 1 shows an electric energy supply device 10, which
may be embodied as an energy storage system, as a pure
energy source, or as a combination thereof. The energy
supply device 10 may be provided, for instance, in the form
ol a stationary storage device for electric energy. It may be
built, for instance, at a road network. At least one device
100, for 1nstance an electrically powered motor vehicle, can
then be connected to the energy supply device 10 1n order to
charge a traction battery of the motor vehicle by means of an
exchange of energy E. The energy supply device 10 may
also be provided for use as a mobile battery, traction battery,
or solar storage device. For instance, an electric machine of
a traction propulsion system may be attached to the energy
supply device by way of a traction battery. In a charged
condition, the energy supply device 10 may supply at least
1 kW of electric output and/or deliver at least 1 kWh of
clectric energy.

Multiple branch circuits or strings 11 can be provided 1n
the energy supply device 10 for the exchange of energy E,
wherein every string 11 may comprise a serial arrangement
13 of respectively several of the usage units 12. The usage
units 12 are therefore combined 1n the energy supply device
10, 1n other words, 1n a vehicle traction battery or 1n an
clectric stationary storage device, for instance. The energy
supply device 10 may feature an enclosure, in which the
strings 11 and the power bar arrangement 18 are arranged.

Every usage unit 12 may respectively comprise an electric

energy storage system and/or a pure source for electric
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energy. By way of an energy storage system, a usage unit
may comprise, for mstance, an electrochemical battery cell
or a battery cell module with multiple battery cells, or a
capacitor or an arrangement of capacitors. Examples for
battery cells are those featuring lithtum 10n, lead, or solid
state technology. Examples for sutable capacitors are
double layer capacitors (so-called supercaps (R)) with a
capacitance of preferably at least 1 mF, in particular at least
100 mF). Respectively examples for a pure source are a fuel
cell and a solar cell. By way of an energy source, a usage
unit 12 may comprise a fuel cell or a stack of tuel cells, for
instance, or a solar cell or a solar panel or a generator, such
as a power plant (for instance of a pumped-storage power
plant). For a current increase, a usage umit 12 may also
feature a parallel arrangement of multiple battery cells or of
battery cell modules, for instance.

Within each string 11, the technology used by the usage
units 12 1s uniform, 1n other words, only battery modules or
only solar cells are provided, for instance. Every string 11
therefore features usage units 12 with identical technology,
that 1s, for instance, battery cell modules each with a lithium
ion accumulator. However, combined technologies may be
provided by different strings 11. Thus, the energy supply
device may be adapted to a specific purpose or to a required
operating profile. For instance, for the use of an energy
supply device 10 1n a motor vehicle as a traction battery, two
strings with different technologies may for instance be
provided, for instance with an apportionment of the number
of the usage umits 12: 80% energy cells (large storage
capacity), 20% power cells (more expensive, but with a
greater power flow).

As shown 1n FIG. 1, per string 11, 1n addition to the serial
arrangement 13 of usage units 12, the following may be
provided as well: a DC/DC converter 14, a respective
mechanical switch umt 15 at the string ends 11", a measuring,
device 16 for a string current strength I and/or a voltage
measurement device for detecting a total voltage or a string,
voltage U of the string 11.

Every DC/DC converter 14 may be embodied 1n a con-
ventional way. In general, the DC/DC converter may a boost
converter, a buck converter or a buck-boost converter. Every
DC/DC converter 14 may in particular be a buck converter.
Every switch unit 15 may be embodied as a mechanical
switch, and 1s 1n particular galvanically i1solatable. Every
switch umt 15 may feature multiple ON/OFF protectors or
(as shown 1n FIG. 1) a protector embodied as a toggle switch
(1-to-N multiplexer). By means of each switch unit 15, the
respective string ends 11' can be galvanically connected to
and disconnected from string connectors 17, alternatingly.
Every string connector 17 represents an electrical connec-
tion to a power bar 18'. The combined power bars 18' form
a power bar arrangement 18 consisting of independent
power bars 18'. Every string connector 17 of a string 11 may
be connected with another power bar 18' of the power bar
arrangement 18. Per string end 11' (plus pole and minus
pole), therefore, multiple string connectors 17 can be pro-
vided 1n order to connect the string 11 to multiple different
power bars 18' of the power bar arrangement 18, and
alternatingly disconnect 1t galvamically from each of the
power bars 18'. The opening of the two switch units 15 of a
string 11 therefore allows for 1t to be galvanically discon-
nected or even exchanged without disrupting the operations
of the energy supply device 10.

Each string 11 can provide a total voltage or DC voltage
U at the string connectors 17 by means of the serial
arrangement 13. The DC voltage U may be a DC voltage
(HV) of more than 60 V, 1n particular of more than 100 V.
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However, it might may also be provided for the DC voltage
U to be 1n the range of 8 V to 60 V. When a string 11 1s
galvanically connected with two power bars 18', there 1s
therefore a DC voltage between them. Every string 11 may
be galvanically connected alternatingly with a respective
pair of power bars 18 by means of 1ts switch units 135. The
string 11 may be galvanically connected alternatingly with a
respective pair ol a power bars by means of the switch units
15 by connecting a string end 11' with one respective power
bar 18' of the pair of a power bars, such that the DC voltage
U at the pair of a power bars drops.

The measuring unit 16 may also provide the said total
voltage measurement over the string 11 1n order to record the
DC voltage U. The measuring unit 16 1s preferably arranged
downstream from the DC/DC converter 14, as shown 1n
FIG. 1, 1n order to allow for voltage regulation by means of
the DC/DC converter 14. As will be complained 1n the
context of FIG. 2, an individual voltage measurement is
provided 1n every usage unit 12 as well.

The at least one device 100 can be connected with the
strings 11 via the power bar arrangement 18. The power bars
18' of the power bar arrangement 18 thus form a power bar
matrix, via which, optionally at least one selected string 11
can be electrically connected with a selected device 100,
while at the same time, a different device can be electrically
connected with at least one diflerent strand 11. The devices
remain galvanically i1solated from each other.

Which string 11 1s to be electrically connected with which
power bar 18' can be determined by a control device 19. For
these purposes, the control device 19 may determine a
respective power requirement and/or a respective output
requirement of the at least one connected device 100, and
then select at least one string 11, by means of which the
demand can be met. The demand can be communicated by
the device 100 1itselt, for instance via a communication
interface, or it may be stored, for instance, as a predeter-
mined fixed value in the control device 19. The control
device 19 may then connect the switch units 15 of each
selected string 11 with the power bars 18 that lead to the
connected device 100.

A respective additional switch unit 15" may be provided
between two respective strings 11 1n order to senally con-
nect two strings 11 and therefore to combine their string
voltage. Thus, between two power bars 18, a greater voltage
made be made available than what can be generated by an
individual string 11.

The power bars 18' may respectively be connected 1n pairs
with an output terminal 20, to which a respective device 100
may be connected. The connections of the power bars 18
with the individual electric contacts of the output terminals
20 are [marked] in FIG. 1 by the respective labels 1+, 2+, 3+,
1-, 2—, 3—, wherein “+” may represent a plus potential and
“~” a minus potential or mass potential. The designations
symbolize three possible pairs of a power bars 1+, 1- and
2+, 2— and 3+, 3—-, wherein an additional switching device,
not shown, can also be embodied connectably with the
clectric contacts of the output terminals 20, alternating with
various ol the power bars 18'. The output terminals 20 can
therefore always remain galvanically isolated from each
other, as long as every power bar 18' of a connector 20 1s
galvanically connected with another string 11.

A simultaneous charging and discharging of different
strings 11 may also be provided, for instance in order to
supply a device 100 with electric energy from consecutive
different strings 11 that are then recharged 1n the meantime.
For instance, a charging process of an electric vehicle (or of
a device 1n general) may be done via a pair of a power bars
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with an output voltage of 400 V, for instance, while simul-
taneously, other strings 11 may be charged, for istance by
way of a transformer 21 at a charging voltage of 800 V, for
instance, from a supply grid 22 or from another energy
source external to the device. The transformer 21 may be
connected to an input terminal 23 of the energy supply
device 10. It the strings 11 are not designed for this charging
voltage, they may be serially connected by means of the
switch unit 15'. The galvanic 1solation then follows through
the utilization of different power bars 18' for the respective
strings 11 and/or every voltage (output voltage and charging
voltage, such as 400 V and 800 V).

The strings 11 may also lead to a power concentration in
that at the input terminal 23, an energy source, for instance
a solar plant, by way of a first performance, inputs energy
into at least one string 11, whereupon the string 11 transfers
this energy by way of a second performance, which 1s
greater than the first performance, to a device 100 connected
to an output terminal 20.

By way of a stationary storage device, the energy supply
device 10 may optionally feature for the input terminal 23 a
modularly constructed AC/DC converter arrangement 24
with multiple AC/DC converters 24' that can be individually
switched between the power bars 18' by means of a switch
unit 25 1n order to allow for providing a predefined current
strength and/or charging voltage for a charging current on a
power bar 18' or for galvanically 1solating respective AC/DC
converters 24' from the power bar arrangement 18. By
means of additional switch units 26, a galvanic 1solation of
the mput terminal 23 1s possible as well. The switch unmits 25,
26 may respective by formed by a contactor. The switch
units 25, 26 may be controlled by the switching device 19.
The opening of the two switch umts 25, 26 of an AC/DC
converter 24" allows for 1t to be galvanically disconnected or
even exchanged without disrupting the operations of the
energy supply device 10. The switch units 25, 26 are
therefore 1solation switches. The AC/DC converters 24' may
be embodied to be galvanically isolating. However, the
AC/DC converter arrangement 24 does not necessarily have
to feature galvanically 1solating AC/DC converters 24'.
Other converters are more cost-eflective. The galvanic 1so-
lation may be ensured at all times by means of the mechani-
cal switch of the strings.

Instead of the supply grid 22, an energy source mdepen-
dent of the gnid, such as an emergency power generator or
a wind power plant [may] be connected to the input terminal
23. Conversely, the energy supply device 10 1tself may be
grid-forming, in other words, 1t might provide a power
frequency to other devices connected to the mput terminal.
This 1s particularly advantageous for the use of the energy
supply device 10 1n an area without a supply grid 22 of 1its
own. AC devices may be operated without adjustment, as on
a public supply grid. The opposite of grid-forming operation
1s grid-following operation, meaning synchronization with a
predetermined power frequency.

In order to switch the switch units 15, 15', 25, 26 and the
usage units 12 and to receive data from the usage units 12,
the control device 19 may be connected with these compo-
nents by means of a communication device 27. The com-
munication device 27 may comprise a communication bus,
for instance, such as a CAN (Controller Area Network) bus
or an Ethernet.

Thus, the control device 19 accumulates general know-
how about what can be switched and how, for instance,
which power bar 18' can be switched to what string 11. The
control device 19 may be embodied at least partially as a
central control device for all strings 11 and/or at least
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partially as a distributed control device per string 11. It may
feature a processing device with at least one micro-control-
ler and/or at least one microprocessor. When executed by the
processing device, an operating program of the processing
device may be adapted to perform the described procedural
steps for operating the energy supply device 10.

Optionally capacitors 30, 31 (in particular double layer
capacitors) may be provided at the output terminals 20
and/or at the input terminal 23 1n order to bufler peak loads.
The usage units 12 can therefore be operated at peak loads
(for instance with a duration 1n the range of up to 3 sec. or
5 sec.) 1 a more protective manner, since the peak load 1s
attenuated. A peak load may be an electric capacity greater
than the sum of the individual nominal capacities of the
connected usage units 12, 1n particular a capacity greater
than 1.2 times that sum.

For a switching process at the power bars 18', a restruc-
turing circuit or a limiting circuit 32 (switch and resistive
clement) can be arranged serially with the respective capaci-
tor 30, 31 1n order to conduct a capacitor current via the
resistive element, thus limiting the current strength of the
capacitor current to a predefined maximum value. The
limiting circuit 32 may be used for the charging and dis-
charging of the respective capacitor 30, 31. A capacitor 30,
31 with his limiting circuit 32 forms a capacitor device. The
limiting circuit 32 1s therefore a precharging circuit.

A cooling of the strings 11 (1n particular the usage units
12 1n the strings 11) may, for 1nstance, take place 1n a rack
by arranging a cooling region underneath the string region.

Every power bar 18' may be made out of aluminum or
copper. Aluminum is the more cost-eflective matenal, and 1t
1s lighter than copper. Due to a specific resistance, aluminum
generates a power loss (more so than copper), from which
heating power for temperature control of the usage units 12
(1n particular of battery cells) can be generated, which can
be transmitted from the power bars 18' to the usage units 12
via a thermal connection, for mstance a cooling circuit.

In case of a power distribution with multiple strings 11 at
a power bar 18', the setting or regulating of the individual
string current I via the DC/DC converter 14 of the string 11
can adjust the current strength I, for instance by aligning or
dynamically repositioning it. Thus, for instance, the distri-
bution of the required total current strength for the device
100 can be distributed over N strings 11, for instance. N=3,
and every string 11 can generate a current strength I spe-
cifically for it, for mstance 50%, 25%, 25% when N=3.

This allows for taking 1nto account the technology of the
usage units 12 available 1n the respective string 11, so that
the usage units 12 can be operated within their specification.
Since the electric voltages U can be determined, the current
I can then be set by means of the DC/DC converter 14, so
that for instance compensation currents tlow between the
strings 11 that are smaller than a threshold value are. Thus
it can be ensured, for instance, that in case of batteries, per
battery cell, a current I of up to 300-400 will only flow for
15 sec., whereas a permanent current would only flow up to
150 A. Every string 11 can therefore be operated according
to 1ts own operational strategy, adjusted to 1its technology. A
suitable current strength I can be set by means of the DC/DC
converter 14.

In addition or 1n the alternative, the current strength I of
the respective string 11 may be set by the control device 19
as a function of the lengths of the lines 28 of the power bar
segments leading from one string 11 to an output terminals
20 (that 1s, to a consumers) by means of 1ts DC/DC converter
14 in order to set the distribution of the current strengths I
for multiple strings 11 that are connected in parallel as a
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function of the lengths of the lines 28 and as a function of
the consequently resulting losses, such that the losses can be
optimized (for nstance minimized or maximized for heat-
ing) and/or locally distributed. A string 11 with a shorter
length of the feed line 28 via the power bars 18' may be
assigned a greater current strength I for minimization than a
string 11 with a greater line length 28. Thus, the effect of
different line lengths 1s compensated for. The current
strength 1 may also be set as a function of a real-time
temperature of the line segments. With such a power man-
agement, the disadvantage of the higher specific resistance
of aluminum can be compensated for by defining and
adjusting the current strength on individual line segments.

If necessary, the control device 19 can therefore switch
the combined strings 11 with the currently required property
to the used power bars 18 that lead to the output terminal 20
at which the power level 1s tapped by a connected device
100. Every string 11 can be connected as needed by means
of 1ts switch units 15. Every string 11 can be drained or
charged individually. In addition or in the alternative, the
ciliciency of the DC/DC converter 14 within the string 11
can be optimized by setting 1ts input voltage by selecting and
connection usage units 12. The DC/DC converter 14 of each
string 11 can therefore perform two tasks. It limits the string
current I to a pre-definable setpoint value so as to allow the
operation ol usage units 12 1n accordance with their speci-
fied specifications (operating limits). The voltage U of the
string 11 can be aligned with the power bar voltage. Thus,
the compensating currents between multiple strings 11 can
be reduced. Additionally, the DC/DC converter 14 ensures
that a predetermined target voltage 1s applied at the strand
connectors 17, imndependently of the number of the usage
units 12 actively operated in the string 11.

A current measurement 16 for the string current I can be
done 1n the measuring unit 16 1n the string 11 1n the manner
described, and 1s necessary anyway for the regulation of the
DC/DC converter 14.

The central control device may also reconfigure each
string 11 individually from within, 1n other words, connect
and disconnect 1n the serial arrangement 13 the usage units
12 of the string 11. If, for instance, the string voltage U 1s
less than a required voltage of the connected power bars 18",
more usage units 12 can be connected in the serial arrange-
ment 13 of the string 11. This may be done so rapidly by
means of semiconductor switches (for istance transistors)
that it can be done during a switching pause of the DC/DC
converter 14.

In this regard, FIG. 2 shows how each usage unit 12 can
be electrically bridged, electrically isolated, and/or dis-
charged by an individual switching device N10. For these
purposes, semiconductor switch T (transistors) are thus
provided. Every usage unit 12 may provide by way of
functions: a bridging or bypass circuit N11, a diagnostic unit
N12, a (in particular passive) load balancing or discharge
circuit N13, a separation or 1solation circuit N14. A semi-
conductor switch T only has to be able to block one low
voltage, for instance 2x the single voltage V of the usage
unit 12. Load balancing may also be done actively in the
conventional manner (so-called active load balancing). In
addition to the switch for the 1solation circuit N14, an
additional switch may be provided for the second, opposite
pole as well (all-pole switching). The diagnostic umt N12
may be designed 1n the conventional manner for cell analy-
s1s, for mnstance for impedance measuring, for instance by
means ol impedance spectroscopy. For impedance spectrum
analysis (0 Hz to 3 kHz, for instance), the diagnostic unit
N12 can determine per usage unit 12 for these purposes a
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measuring current I' and a single voltage V at multiple
frequencies 1, which results 1n the impedance course for the
frequency 1. This 1s shown in an impedance spectrum. The
diagnostic unit N12 can signal a present status value 29 of
a measuring current I' and/or of the single voltage V and/or
of the measured impedance via the communication device
277 to the control device 19. The meaning of the “impedance”
concept in the context of the invention 1s a impedance value
for a predefined frequency, for mstance 0 Hz, or an imped-
ance course for the frequency 1. Multiple frequencies can be
monitored 1 a frequency sweep by means ol a gradual
increase or decrease. In the alternative, multi-frequency
excitation at multiple frequencies at the same time 1s pos-
sible. The multi-frequency excitation may be embodied, for
instance, as multi-sinus excitation or as a square wave signal
or as a step signal.

Every usage umt 12 thus be momtored individually, for
instance with respect to its SoH (State of Health; its wear
condition) and/or 1ts SoC (State of Charge; 1ts capacity to
supply power) and/or its SoF (State of Function; 1ts output
capacity). The SoH and SoC and SoF parameters as such are
known from prior art.

Regardless of impedance measuring, the single voltage V
of the usage unit 12 can also be measured without the AC
voltage of impedance measuring. A usage unit 12 that 1s
bridged (by means of the bypass circuit N11) may be
monitored with respect to its single voltage V as well. Prior
to connecting (closing N14 or switching 1t electro-conduc-
tively), the single voltage V of the usage unit 12 can be
individually adjusted by means of load balancing N13.
Optionally, an electric charging unit may be provided per
usage unit 12 as well, capable of individually charging the
usage umt 12 even when the semiconductor switch of the
isolation circuit N14 1s open (every usage unit 12 can
therefore be charged imndividually). The power supply of the
charging unit may, for mstance, be via the communication
device 27 (for instance by means ol power-over-Ethernet
technology) or by means of a galvanically isolated power
supply unit.

Mutual locking of N11 and N14 may be provided (for
instance software-based or by means of a logic circuit) to
prevent short circuiting.

Additionally, a temperature measurement by the diagnos-
tic unit N12 or, for instance, by the control device 19, may
provide a conclusion about the temperature from the 1imped-
ance.

The control device 19 therefore has access to every
individual usage unit 12 via the communication device 27.
The condition of every usage unit 12 can be read, and the
switching device N10 of every usage unit 12 can be con-
trolled, 1n particular, the bypass circuit N11 in combination
with the 1solation circuit N14. By the combined switching of
the bypass circuit N11 and the 1solation circuit N14, a usage
umt 12 in the serial arrangement can be alternatingly con-
nected or disconnected.

On that basis, the wear or condition of every usage unit 12
can be determined centrally 1n the control device 19 (for
instance in the form of impedance as wear value), and the
switch position of every usage unit 12 can be set as a
function of the condition determined. Individual usage units
12 can be electrically removed from the string 11 (bridging
N11), added (senal switching), discharged individually (dis-
charge resistor R, balancing circuit N13), temporarily 1so-
lated electrically (opening N1d/electrically blocking), for
instance for the diagnostic unit N12.

This makes it possible to respond to different wear or
individual parameter distributions of the usage units 12 1n




US 11,223,207 B2

13

the string 11: Preferentially, only usage units 12 are actively
operated with similar parameter values. The similarity may
be defined by a similanty criterion, which specifies, for
instance, a maximum difference of at least one parameter,
wherein the difference may be 1n a range of 10% to 100%

(double/hall). An old or weak usage unit 12 are [sic] bridged

or switched ofl first. This may be detected by a capacity
criterion, which may refer, for instance, to the impedance or
be defined by the similarity criterion being violated. The
capacity criterion therefore excludes usage unmits 12 that are
too weak. The connection of old usage units 12 or of a weak
usage unit 12 becomes possible again later when the string,
conditions apply, 1n other words, when the other usage units
12 are also worn-out to such extent that the similarity
criterion 1s met again.

The similarity criterion allows for reducing the necessity
of load balancing. The performance per usage umt (the
current I 1 the string 1s equal, but when voltages are
different, this produces a diflerent performance, leading to a
local build-up of heat, and therefore to aging and wear) may
be adjusted 1n advance, for load balancing requires an
adjustment to the “weakest” usage umit, that i1s, one gener-
ating the lowest voltage, 1n other words, 1t must be reduced
to the lowest voltage. If identical or similar operating
conditions are generated in advance by means of the simi-
larity criterion, less balancing 1s necessary. Therefore, if for
instance the single voltages V=4.1 volt and V=3.9 volt are
present 1n a string, balancing should be an adjustment to the
weakest usage unit, 1 other words, to 3.9 volt. The internal
resistance measurement (1impedance spectroscopy) makes it
possible to detect the weakest usage unit (with the greatest
internal resistance) (capacity criterion) and be disconnected
from the string 11 (Bridging N11). However, the impedance
1s just one example for the identification of a weak usage
unit. In general, detection of the weakest usage unit 1s
possible based on a condition of the usage unait.

By means of an electric disconnection or separation N14
of all usage units 12 of a string 11, the string 11 may also be
switched HV-1ree. All usage units 12 are disconnected from
cach another. In this safe mode, the string 11 can be saved.,
for instance for an assembly, for failure protection, for an
emergency, or for transportation. The switching sequence 1s
important: First, the mechanical switch units 15 (protectors)
are opened, next the usage umits 12 are disconnected N14 1n
order.

The control device 19 may also provide wear leveling of
the individual usage units 12. Wear leveling provides for the
homogeneous use of the field or the arrangement from usage
units 12. The result 1s wear leveling during the operation of
the usage units 12. An example for this could be the wear
leveling from FLASH storage technology (https://en.wiki-
pedia.org/wiki/Wear leveling).

An advantage of wear leveling 1s the extension of the total
service life of the energy supply device 10, since the
probability of failure of individual usage units 12, as can be
caused by above-average wear of a single usage unit 12, 1s
reduced.

The addition or removal of energy, in other words, the
exchange of energy E with a connected device 100, 1s done
by means of the usage units 12 whose turn 1t 1s, based on
wear leveling. For these purposes, for every usage unit 12,
a present wear condition 1s specified by way of a wear value.
The purpose of these measures 1s uniformity of wear. The
wear value may be represented, for instance, by the imped-
ance of the usage unit 12. The wear value indicates the
degree of wear of the usage unit 12.
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A respective setpoint value of at least one operating
parameter, for mstance of the current I during discharging
and/or of the single voltage V during charging, may be
determined for every usage unit 12 as a function of the wear
value, based on a wear leveling criterion, wherein the wear
leveling criterion provides that by adjusting each setpoint
value, one or some or all usage units 12 combined perform
the exchange of energy E 1n 1ts entirety, while keeping the
difference of the wear of the usage umts 12 as calculated
from all the wear values at a minimum. This means that the
wear of the usage units 12 1s adjusted 1n the course of the
exchange of energy E 1n that usage units 12 with a stronger
degree of wear are utilized less than usage units 12 with less
wear. As a result, the latter wear stronger, such that their
wear condition 1s adjusted to those of the usage units 12 that
utilized less.

The wear value changes during operation, and faster so 1f
the usage unit 12 1s operated at an operating point deviating
from an i1deal condition (the usage unit will continue to
wear). For this reason, protective measures are expedient.

Preferably, the usage units 12 are only operated within a
tolerance interval around an ideal charge condition, which
may, for mstance, be a 50% state of charge, and/or define a
current profile of an electric current of the usage unit 12 that
flows during the exchange of energy.

In general, the 1deal condition depends on the technology
of the usage unit used, and known in prior art. The 1deal
condition may be defined 1n battery modules by the follow-
ing parameters:

SoC—State of Charge (energy content)—the 1deal con-
dition may be 50%, for instance;

DoD—Depth of Discharge (current profile)—the 1deal
state of charge of 50%, minus a maximum of 20% (tolerance
interval), for instance.

The specified 1deal values depend on the electrochemistry
and/or the application provided, and are to be determined for
the respective concrete energy supply device by the person
skilled 1n the art.

In general, the DoD should remain “low”, 1n other words,
not drop too 1iar.

The farther the present operating point 1s removed from
the ideal condition, the faster the wear value will increase.
The present operating point can be set by setting the charg-
ing or discharging current I for the usage units 12 respec-
tively. The AC/DC converter arrangement 24 can be used for
adjusting the charging current, and the DC/DC converter 14
can be used for adjusting the discharging current. In this, the
wear conditions or wear values of all usage units are to be
leveled.

A tfurther protective measures 1s the following: An excess
capacity at the usage umts 12 can be set. Without an
additional switch, an excess capacity at the usage umts 12
can distribute the load. This results 1n a lower load per usage

umt 12, since all usage units always included 1n order to
achieve uniform wear. Furthermore, the service life 1s
extended also due to the reduced load, for when per string,
for instance at a capacity of 110% (the total of the individual
capacities of the usage units 12 1n the string) only 100%
(nominal value) are demanded, with a reduction by the
control device 19, this results 1n a lower peak load per usage
umt 12. The string 11 might, for instance, deliver a greater
voltage than needed, meaning that a smaller current I 1s
needed for the same power output than in case of a utiliza-
tion of only 100% [of the] nominal value (nominal capacity).
An example: 12 usage umts are available, but a nominal
value of only 10 usage units 1s nominally provided.
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Without a switch, 12 usage units must be connected, but
clectronically, only the capacity of 10 usage units 1is
demanded (no switch needed!). Thus, weaker usage units are
possible, since their peak currents are smaller, specifically
due to the resulting higher string voltage U, since more
usage units are serially connected than the number that 1s
nominally available. The utilization of cheaper usage units
[1s therefore] possible.

If switches are available, for instance the semiconductor
switches T, the cycling of the usage units 12 of a string 11
may be provided, for instance, by always providing 10 usage
units (providing the nominal capacity) and bridging 2 usage
units.

The provision of an excess capacity of usage units 12
means that the total of the individual nominal capacities of
the usage units 12 (1in other words: their combined gross
capacity) 1s larger than the externally available nominal
capacity. This allows for compensating a failure of a usage
unit. Thus, the power supply device 10 may be provided, for
instance, as an energy storage system (for instance as battery
storage) with a proven or nominal capacity (for instance 100
kWh). In fact, internally, a gross capacity 1s provided that 1s
greater than the externally provided nominal capacity 1s (an
actual gross capacity of 110 kWh, for instance, which 1s
greater than the net capacity, for mnstance of 100 kWh). In
other words, more usage units (such as battery cell modules)
are available than needed for providing the nominal capac-
ty.

For mstance, only so many usage units for discharging are
made available externally as needed to correspond to the
nominal capacity. These usage units are therefore “active
units”. The other storage units (that are not actively used) are
“reserve units”.

According to a bad block management (BBM), defective
or worn-out active units are identified and taken out of
service. This means that in case of a failure or defect of an
active unit, this defective active unit can be taken out of
service, and a reserve unit (that has been an inactive usage
unit up to this point) can be operated as a new active unit.
Thus, despite the failure of a usage unit or of multiple usage
units, the nominal capacity 1s preserved. The concept of bad
block management (BBM) 1s taken from Flash memory
technology (https://en.wikipedia.org/wiki/
Flash_memory#Memory_wear).

During standard operation, rotating or cycling (for
instance according to the round robin algorithm or more
generally according to a predefined swapping algorithm) the
usage units 1s possible 1n order to achieve uniform wear of
all usage units. I the reserve unit 1s then activated to
compensate for a failed active unit, the reserve unit will
already have similar electric properties as the other active
units, since 1t will already have a similar degree of wear (in
the meaning of the atorementioned similarity criterion). This
may reduce the degrees of necessary load balancing as
described.

Based on the division of usage units 1nto active units and
reserve units, usage units can be swapped during mainte-
nance even while the energy storage system 1s 1n operation,
without negatively aflecting the nominal capacity. Usage
units 1 need of being swapped can be set aside as reserve
units or taken out of service and then be removed or replaced
(dynamic swapping of usage units).

Bad block management and/or swapping can also be done
collectively or at the string level, 1n that a group of usage
units 12 or the entire serial arrangement 13 of a string 1s
switched and/or swapped. Bad block management 1s also
possible within a usage unit 12. Thus, for mstance, a usage
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unmt 12 designed as a battery module may comprise multiple
battery cells, for instance 12 battery cells, i a triple serial
arrangement of 4 battery cells arranged in parallel. This
allows for swapping or bridging a respective parallel
arrangement.

With respect to charging management for the strings, the
following may be provided:

Via the power bars 18, [subject missing] can be intercon-
nected by means of the DC/DC converter 14 1n order to
exchange energy. A string 11 can thus be charged wvia
multiple sources, for instance 40 kW from another string 11
and 10 kW from a network AC/DC converter 24', 1n order to
provide a power output of 50 kW,

In terms of power output, a load profile can be smoothed
or leveled, for instance by having some strings 11 supply the
consumers while other strings 11 are already charging in
order to be available for the subsequent charging process. A
simultaneous charging at 10 A and discharging at 20 A 1s
possible, for instance (at least one string 11 would charge the
device 100, and at least one other string 11 would be charged
from the supply grid 22). It 1s also possible to generate a
boost current (short-term peak, for instance of more than
factor 1.5) by connecting a string 11.

The (thermal or electric) stress of the individual strings 11
can be limited by having different alternating strings 11
supply a connected device 100 (for instance charge an
clectric vehicle). The said DoD (Depth of Discharge) can
thus be limited, for instance to 20%.

By means of the mechanical switch units 15 on each string
11, a full galvanic 1solation between the strings 1s also
possible 1f they are switched to different power bars. This 1s
the precondition for simultaneously charging multiple
devices 100 (for mnstance electric vehicles). Each electric
vehicle 1s connected to a different power bar 18', which 1s
galvanically i1solated from the remaining power bars.

Overall, the examples show how the mmvention makes it
possible to apply a wear leveling method to an energy supply
device.

The mmvention claimed 1s:

1. A method for operating an electric energy supply device
having a plurality of usage units, wherein each usage unit 1s
designed to generate or bufler or dynamically redistribute
clectric energy, and wherein a control device 1s designed to
control an exchange of energy between the energy supply
device on the one hand and at least one device that is
connected to the energy supply device on the other hand, 1n
that for each usage unit it sets a respective setpoint value for
at least one electric operating parameter, the method com-
prising: the control device prior to the exchange of energy
and/or 1 the course of the exchange of energy once or
repeatedly:

determines for each usage unit a respective wear value of

the usage unit, the wear value indicating a wear of the
usage umt calculated as a function of an impedance
and/or an internal resistance of the usage unit,
determines for each usage unit the respective setpoint
value of the at least one operating parameter based on
a wear leveling criterion, the wear leveling criterion
providing that by adjusting each setpoint value, at least
one usage unit combined perform the exchange of
energy 1n its entirety, thereby maintaining or reducing
a diflerence of the wear of the usage units that was
calculated from all wear values, wherein prior to the
exchange of energy, restructuring energy 1s transierred
from at least one usage unit to at least one other usage
unit, wherein the respective wear value of the at least
one usage unit prior to the transmission indicates
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greater wear than 1s indicated by the respective wear
value of the at least one other usage unit.

2. The method according to claim 1, wherein the wear
leveling criterion provides that those of the usage units that
have wear values indicating a lowest degree of wear be used,
and that a number of the usage units be used as needed to
perform the exchange of energy.

3. The method according to claim 1, wherein the usage
units comprise of at least one battery cell, at least one fuel
cell, at least one solar panel and at least one capacitor.

4. The method according to claim 1, wherein at least some
of the usage units are adapted to buller electric energy, and
the at least one operating parameter of these usage units
comprises one or more of the following: a state of charge
SoC, a depth of discharge DoD, a charge current strength, a
discharge current strength, and a charging voltage.

5. The method according to claim 1, wheremn while
determining the respective setpoint value by the wear lev-
cling criterion, a certain condition for each usage umit is
taken 1nto account, the certain condition providing that

a) each usage unit be operated with a predefined 1ndi-
vidual operating profile that 1s specific for a respective
technology of the usage unit, and/or
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b) a diflerence with respect to a predefined state of charge
1s maintained that 1s less than a predefined maximum
difference.

6. The method according to claim 1, wherein more usage
units are provided in the energy supply device than needed
for the exchange of energy, with one usage unit or a subset
of the usage units being selected based on a certain criterion
to remain unutilized during the exchange of energy.

7. The method d according to claim 1, wherein some of
the usage units are respectively combined to form branch
circuits, each branch circuit being connected with a power
bar arrangement by a DC/DC converter and at least one
galvanically 1solatable switch unit, a bypass circuit being
provided within each branch circuit for each usage unit, the
energy supply device performing the exchange of energy via
the power bar arrangement, and the control device for
regulating the at least one operating value controlling the
DC/DC converter and the at least one switch unit and the
bypass circuits of each branch circuit.

8. An energy supply device with multiple usage units,
cach of which 1s designed to generate or bufler electric
energy,

wherein a control device of the energy supply device 1s
adapted to execute a method according to claim 1.
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